Thick silicon dioxide ͑SiO 2 ͒ films up to 5 µm have been deposited by helicon activated reactive evaporation ͑plasma assisted deposition with electron beam evaporation source͒ as both bilayer and trilayer structures, and the film stress was investigated in the context of optical waveguide fabrication. A model for stress in the SiO 2 -Si bilayer as a function of film thickness is formulated and interpreted in terms of Volmer-Weber film growth mechanisms. We find that island coalescence begins at a film thickness of less than 165 nm and continues until about 700 nm. Above approximately 1 µm thickness, the film continues growth as a continuous film. The stress in a deposited SiO 2 film in an SiO 2 -Si-SiO 2 trilayer structure was investigated by adapting the established Stoney's equation for a trilayer system, and comparing it with a thermally grown SiO 2 trilayer. A constant value of stress is obtained for the deposited SiO 2 film for film thickness Ͼ1 m which was consistently less than both measured and previously reported values of stress in thermally grown SiO 2 .
I. INTRODUCTION
While the method of helicon activated reactive evaporation ͑HARE͒ has been in use for some time for the deposition of a variety of materials, [1] [2] [3] [4] [5] [6] [7] [8] [9] both as thin films ͑several hundred nanometers or less͒ and thick films ͑a few microns͒, an extended study into the evolution of stress formation for films deposited by HARE has yet to be conducted. Previously reported results on stress in HARE-deposited films have been conducted with the film at its final deposited thickness. 3, 7, 10, 11 Parameters previously investigated include substrate bias potential, 3, 7 pulsed plasma duty cycle 10 and ion energy, 11 which would normally be kept constant for the duration of a film deposition. Understanding the mechanisms of stress formation and establishing the level of stress present as a function of film thickness is important for assessing film performance for intended applications. For instance, depending on the position of the guided mode, stress in film intended for use as a waveguide core layer can result in an undesirable polarization dependency as a consequence of stress-induced birefringence. 12 More generally, the stress present in films can cause wafer warpage, film fracture, or adhesion failure and delamination. 13 As a film deposition technique, HARE originated from the development of the high density plasma source, 14 which provided an efficient means of ionizing evaporated solid source material. The use of high-purity solid sources in HARE greatly reduces the level of hydrogen in the system during processing, 8, 9 making the process highly desirable for modern low-loss optical device fabrication. Recent application-based depositions have included hydrogen-free, UV laser-written planar waveguides fabricated from photosensitive germanium-and tin-doped silica, 4, 5 photoluminescent silicon ͑Si͒ nanocrystals 6 from Si-rich silicon dioxide ͑SiO 2 ͒ films, as well as planar SiO 2 optical waveguides fabricated from both germanium-doped and undoped SiO 2 films. [7] [8] [9] Since most thin-film applications occur in the microelectronics industry, the majority of stress studies found in the literature correspond to submicron thicknesses, which cannot be directly applied to the context of waveguide fabrication. The waveguides currently fabricated in the laboratory typically require a deposition of about 5 µm for the waveguide core. The deposition is made on commercial substrate wafers which incorporate a buffer layer of thermally grown SiO 2 , to comprise the substrate-buffer-core waveguide structure. Here, we investigate the stress formation in thick SiO 2 films ͑up to 5 µm͒ which are deposited under the same conditions and of approximately the same thickness as those used for the fabrication of planar optical waveguides in the laboratory. The stress in films between 0 and 200 nm in thickness, which is commonly a detailed study in itself due to the complexities of initial film growth and interface effects, will not be investigated here. There are two aims to the study. The first aim is to establish an understanding of stress formation, from the initial to later stages of HARE SiO 2 film growth, by studying a bilayer film-substrate structure for which an established stress formulation 15 is directly applicable. The second aim is to gain a better understanding of the contribution to stress from the core and buffer layers of HARE SiO 2 and thermal SiO 2 , by studying each layer separately within the context of the more complex three-layer structure. Thus, three structures are investigated: a bilayer film-substrate structure of HARE SiO 2 film on a Si substrate ͑the HARE SiO 2 -Si structure͒, and two trilayer film-substrate-film structures, the HARE SiO 2 -Si-thermal SiO 2 structure and the thermal SiO 2 -Si-thermal SiO 2 structure.
For the present HARE operating conditions, the plasmadeposited SiO 2 will present a large intrinsic stress which results from the large ion flux impinging onto the wafer during the deposition. 10 For very low ion bombardment ͑low density and higher pressure͒ the deposited films are porous, the hydrogen content is larger, the stress is often tensile, and the films cannot be successfully used for optical waveguide fabrication. 16 Thermal stress in the deposited film can often be neglected as the temperature during deposition is maintained below about 200°C. 16 This is very different from the thermal SiO 2 where, although high intrinsic stresses have been reported during film growth, relaxation occurs via a viscous flow in the thermal SiO 2 for oxidation temperatures greater than 950°C. The much reduced residual stresses for thermal SiO 2 at room temperature are mostly attributed to differential thermal expansion. [17] [18] [19] 
II. EXPERIMENTAL DETAILS

A. Helicon activated reactive evaporation
The operation of the helicon plasma source, 14 the specifics of the experimental setup 1, 7 and plasma characteristics 1, 20 of the HARE system have been described elsewhere. The current configuration of the HARE system ͑Fig. 1͒ differs from that described in Durandet et al. and Li et al. by the addition of a shorter glass tube and by the absence of a rf bias to the substrate. In our configuration, the substrate holder is electrically floating and is water cooled. The additional glass tube is used to prolong the life of the original larger glass tube. During deposition, evaporant material builds up on the inner walls of the glass tube. When the system is brought to atmospheric pressure and exposed to air for the removal of the substrate, or for refilling of source material, absorption of water from the air can cause stresses large enough to break the glass tube. The electron-beam ͑e-beam͒ evaporation source is a JEOL JEBG-303UA electron gun with a 10 kV acceleration voltage. The e-beam power was adjusted as necessary to maintain a pressure of 1 m Torr in the region of the substrate during deposition and a constant evaporation rate. The evaporation rate is monitored by two rate crystal sensors, as described by Li et al. 7 A three-crucible hearth is installed, but only one of the three available crucibles was used.
The helicon antenna is fed from a rf matching network/ generator system operating at 13.56 MHz. The oxygen feed gas is introduced into the middle of the processing chamber, and a turbomolecular/rotary pumping system is connected to the sidewall of the e-beam chamber. The pressure is measured with a convectron and an ion gauge with a base pressure of a few 10 −6 mTorr. Argon may be used as an actinometer or to adjust the operating pressure without changing the oxygen flow rate. For the depositions, oxygen and argon gas flow rates were 40 and 4 sccm, respectively, where sccm denotes cubic centimeters per minute at STP. The rf power during deposition was 800 W. Two solenoids around the helicon source are used to create an axial dc magnetic field of a few tens of Gauss necessary for operating in the high density coupling mode ͑typically 1 ϫ 10 11 cm −3 or greater͒ and for improving the plasma diffusion towards the wafer.
B. Materials
Two types of substrate wafers were used in the depositions. For the bilayer study, commercial 4 in. 500-µm-thick Si wafers ͑p type͒ in the ͗100͘ orientation were used. For the trilayer studies, commercial 4 in. atmospheric pressure oxide ͑APOX͒ wafers were used. The APOX wafers are Si substrates in the ͗100͘ orientation which have been thermally oxidized at a temperature of 1050°C on both sides, with no postoxidation annealing, to produce a 500-µm-thick Si substrate with ϳ5 m of thermal SiO 2 on either side of the Si substrate. These wafers are the same as those used in optical waveguide fabrication in the laboratory and the thermal SiO 2 would normally provide the buffer layer in the buffer-corecladding waveguide structure. All Si and APOX wafers are polished on one side only and the deposition is made on the polished side.
For all the deposited films shown, small pieces of Si ͑99.99% pure͒ were the only evaporant material used in the crucible.
C. Stress measurements
The evolution of stress with film thickness was determined by a method of film deposition, postdeposition etch, and bow measurement of the stress-induced bending in the substrate by a stylus-type surface profiler. Stoney's equation 15 was used and adapted as required for the bilayer or trilayer study. Figure 2 is a schematic of the structures studied, where t f Ј is defined as the measured film thickness after etching of either the HARE SiO 2 film in the bilayer structure ͓Fig. 2͑a͔͒ and the HARE SiO 2 trilayer structure ͓Fig. 2͑b͔͒, or the polished side of thermal SiO 2 in an APOX wafer in the thermal SiO 2 trilayer structure ͓Fig. 2͑c͔͒.
In the bilayer study, 1-and 5-µm-thick depositions of SiO 2 were made on Si substrate wafers. The wafer was then cleaved into individual pieces. The SiO 2 film was etched separately for each piece using a 1:7 buffered HF solution to produce a range of film thicknesses, represented on individual pieces of wafer.
In the HARE SiO 2 trilayer study ͑HARE SiO 2 -Si-thermal SiO 2 ͒, the APOX substrate wafer was prepared by first completely etching the polished side of thermal SiO 2 , resulting in a Si-thermal SiO 2 bilayer. A 5-µm-thick deposition of SiO 2 was then deposited to achieve a HARE SiO 2 -Si-thermal SiO 2 trilayer structure. Photoresist was spun over the unpolished side of thermal SiO 2 to protect against etching. The wafer was then cleaved and the HARE SiO 2 film etched with a 1:7 buffered HF solution, as for the bilayer study. The photoresist is removed prior to profilometer measurements.
In the thermal SiO 2 trilayer study ͑thermal SiO 2 -Si-thermal SiO 2 ͒, a photoresist was spun over the unpolished side of thermal SiO 2 to protect against etching. The wafer was then cleaved and the polished side of thermal SiO 2 etched with a 1:7 buffered HF solution, as for the previous two studies. The photoresist is removed prior to profilometer measurements.
A Tencor P-11 surface profiler was used to measure bowing in the substrate after film deposition and etch. Although it is usual for stress measurements to take into account a measurement of the bowing in the substrate before and after deposition, we have found that this practice exposes the substrate to sufficient contamination to render the wafer unsatisfactory for subsequent waveguide fabrication. Hence, predeposition bowing measurements were made of at least two substrate wafers belonging to the same processing batch, which were not subsequently used for deposition, and the measurements were taken into account.
A J. Woollam M-44 ellipsometer was used to determine the film thickness and refractive index for films less than ϳ800 nm in thickness, and by a Metricon 2010 prism coupler for films of thickness 1 µm and greater. For films between ϳ800 nm and 1 µm in thickness, measurements were supplemented by both instruments, chosen due to the ideal operating range of the two instruments. The errors in the measured film thickness are less than the width of the plotted data points; for the ellipsometer, the maximum mean square error in the measured thickness was ±0.2%, and for the prism coupler, the maximum standard deviation in the measured thickness was ±1.5%.
Following convention, compressive stress in a film is indicated by a convex curvature ͑positive bow͒ of the substrate, while tensile stress in a film is indicated by a concave curvature ͑negative bow͒ of the substrate. We note that the stress in thermal SiO 2 film on Si measured at room temperature is compressive. 21 If this structure is inverted, i.e., Si on thermal SiO 2 , the bow measured is negative ͑tensile stress͒. This is relevant for the trilayer studies where a layer of thermal SiO 2 exists beneath the Si while the HARE SiO 2 film or polished side of thermal SiO 2 is gradually etched down. The HARE SiO 2 film deposited under the conditions described is expected to exhibit compressive stress on Si, 7, 10 hence, for the studies described, we expect to find compression in the film-substrate structure.
III. RESULTS AND DISCUSSION
A. Bilayer study
Experimental results
The results of bow measurements as a function of film thickness for the etched 1 and 5 µm depositions of HARE SiO 2 on Si are shown in Fig. 3 . We note that the intrinsic stress of the plasma deposited oxide appears to be compressive during the deposition process for t f Јജ 0.2 m, as indicated by a positive bow.
Errors shown are the standard deviations of the bow measurements taken for each piece of wafer, for a certain etched thickness. Towards the edges of the substrate wafer, there is a tendency for higher nonuniformity in the film thickness during deposition, which is reflected in the higher standard deviation in some of the results.
It is possible to obtain a linear fit through both series for thicknesses up to 5 µm ͑shown as a dotted line in Fig. 3͒ , suggesting good reproducibility in the deposition process. The linear fit for bow B in microns is obtained through the two series and has the form Table I .
͑1͒
where m Ϸ 0.41 and c Ϸ 0.07 m ͑Table I͒.
We first calculate the stress for the bilayer structure using Stoney's equation
which has been approximated for the case where B Ӷ L. Equation ͑2͒ takes into account the elastic properties of only the substrate and is thus valid for the case where t f ЈӶ t s . A formulation which incorporates a film component by taking into account the elastic properties of the film, and therefore applicable for thicker films, is given in Ref. 22 . The film component in the latter formulation was calculated and determined to be negligible for our purposes. For Si ͗100͘ , the elastic constant E / ͑1−͒ is 180.5 GPa. 23 The length of the surface profiler scan, L, was 10 mm.
The stress calculated by inserting the measured values of bow from the surface profiler directly into Eq. ͑2͒ is shown as a function of film thickness for HARE SiO 2 in Fig. 4 as open circles and squares. A rapid increase in stress is indicated for depositions up to ϳ700 nm in thickness. For film thicknesses greater than 1 µm, it appears the film has reached its "bulk" state, indicated by the plateau in the stressthickness relationship for t f Јജ 1 m. This constant value of stress, cts , which indicates the start of film growth as a continuous film, was obtained by taking the mean of all calculated stress values in the "plateau" region, with confidence limits given by the standard deviation, and found to be cts = ͑0.24± 0.01͒ GPa for depositions up to 5 µm in thickness. This value of stress is similar to measurements obtained in a similar low pressure high density helicon plasma deposition system. 10 
An experimentally derived function for stress
It is possible to obtain an experimentally derived function for stress by substituting the experimentally determined relationship for bow given by Eq. ͑1͒ for the bow B in Stoney's formulation for stress, Eq. ͑2͒:
͑3͒
The curve given by Eq. ͑3͒, shown as a dotted line in Fig. 4 , is valid only for t f ЈϾ c / m, i.e., t f ЈϾ 165 nm, and is a direct consequence of the linear relationship between the bowing and film thickness. The function is in good agreement until ϳ500 m film thickness, after which it diverges from the directly measured stress values given by Stoney's equation. The function returns to the trend indicated by the directly measured stress values above 2 µm film thickness. While it is only very slowly increasing, the function does not reach a constant value for the 5 µm thickness range. Although the general form of the function is similar to the directly measured stress values, discrepancies exist. We therefore propose an additional, alternative formulation to gain more information about the film growth and properties.
A model for the HARE SiO 2 -Si bilayer
A model for stress in the HARE SiO 2 -Si bilayer was formulated on the reasoning that stress in the film during deposition should depend on the amount of stress in the existing film layer, i.e., with that which has been deposited. Hence, a relationship of the form
was sought. The appropriate relationship for the formation of stress during film deposition, as a function of film thickness, was found to be
͑5͒
the solution to which is given by model = max − ͑ 0 + max ͒exp͑− kt f Ј͒.
͑6͒
Equation ͑6͒ satisfies the requirement that ͑t f Ј͒ → max as t f Ј→ ϱ, and corresponds to the dashed line in Fig. 4 . The initial boundary condition to Eq. ͑5͒, ͑0͒, determines the value of 0 in Eq. ͑6͒.
A possible way of interpreting the observed stressthickness behavior is to consider film growth according to the Volmer-Weber mechanism, [24] [25] [26] [27] whereby nucleation of the deposition material occurs on the surface of the substrate as isolated islands. As the islands grow larger they impinge on one another to form a network of islands and eventually the islands coalesce to form a continuous film. To characterize the main changes in behavior of the intrinsic stress in the film, the film growth process is separated into three stages: ͑i͒ island growth before coalescence, ͑ii͒ island coalescence, and ͑iii͒ film growth after coalescence.
During island coalescence, neighboring islands within close proximity will stretch toward each other in order to reduce the surface energy at the expense of an associated strain energy, i.e., elastic deformation. In a formulation by Cammarata et al., 24 the change in surface energy leads to a change in surface stress which in turn leads to an instantaneous change in the intrinsic stress. In contrast, for continued film growth after the islands coalescence, and in the limit of large film thickness, the intrinsic stress resulting from surface stress effects approaches a constant value.
If the film growth of HARE SiO 2 is considered within the Volmer-Weber mechanism, the rapid increase in stress observed from 165 nm until approximately 700 nm thickness could correspond to island coalescence. Floro et al. 25 report significant island impingement for crystalline Ag and Al, and amorphous Ge, for film thickness on the order of hundreds of nanometers and less. According to these observations, the constant stress we observe for HARE SiO 2 above approximately 1 µm thickness could quite possibly indicate the film is continuing growth as a continuous film, justifying the earlier suggestion of this region of film growth as the bulk state.
It is also possible to interpret the constants of our model in light of what is understood of Volmer-Weber film growth according to Cammarata et al. In Eq. ͑6͒, the value of k controls the "rise" of the exponential curve, which we can interpret as an indication of how quickly the initial formation of islands complete coalescence and continue growth as a continuous film. The value of 0 dictates the position at which the curve intercepts the film thickness axis in Fig. 4 , indicating the transition from tensile to compressive stress in the film. This arises as a consequence of the transition from precoalescence film growth to postcoalescence film growth. For our experimental data on the HARE SiO 2 -Si bilayer, the values of constants in Eq. ͑6͒ are k = 4.6, max = 0.235 GPa and 0 = 0.265 GPa.
Finally, to supplement the case for Volmer-Weber film growth, SiO 2 films deposited with a similar deposition system 11 were observed to possess a columnar structure from scanning electron microscopy and atomic force microscopy measurements and similar stress characteristics as those expected for Volmer-Weber film growth.
B. Trilayer study
Curvature measurements
The results of bow measurements as a function of film thickness for the HARE SiO 2 and thermal SiO 2 trilayers, in Figs. 2͑b͒ and 2͑c͒ , respectively, are shown in Fig. 5 by open triangles for HARE SiO 2 and by black triangles for thermal SiO 2 . We note that the resultant structure is in a state of tension, as indicated by the negative bow. This is due to the presence of a Si-thermal SiO 2 structure underlying the etched HARE SiO 2 film/polished thermal SiO 2 . Errors shown are the standard deviations of bow measurements taken for each piece of wafer, for a certain etched thickness.
Distinct linear fits are indicated for each structure ͑dashed lines for HARE SiO 2 and dotted lines for thermal SiO 2 ͒ and Eq. ͑1͒ is verified, with m Ϸ 0.40 and c Ϸ 2.31 m for the HARE SiO 2 trilayer, and m Ϸ 0.47 and c Ϸ 2.42 m for the thermal SiO 2 trilayer ͑Table I͒.
Stress in the SiO 2 trilayer
To calculate the stress in the SiO 2 of the trilayer system, Stoney's equation, Eq. ͑2͒, is adapted for application to a three-layer structure by replacing the film thickness t f Ј with an effective thickness ͑t f − t f Ј͒, and the bowing B with −B, to represent the effect of the two SiO 2 layers on bowing in the Si substrate, thereby reducing the three-layer problem to a two-layer problem. In order to justify this substitution, we assume that the material properties of HARE SiO 2 and the unpolished thermal SiO 2 in the HARE SiO 2 trilayer, and of the polished and unpolished thermal SiO 2 in the thermal SiO 2 trilayer, are similar enough that the contribution to overall stress from each depends only on the difference in thickness of the two films. We shall see from the results later that this appears to be a valid premise for the purpose of determining stress in the two trilayer structures.
It is an implication of this assumption that if the two film thicknesses are the same ͑i.e., t f Ј= t f ͒, there is an equal and opposite contribution to stress as a consequence of both SiO 2 layers exhibiting compressive stress on Si. In this situation, a bow measurement of zero would be expected, despite the fact the structure is still in a state of stress. Thus, the relation adapted for the stress in a trilayer structure is
͑7͒
As the APOX wafers used in the experiments are polished on one side only, it is not possible to use the prism coupler to measure t f , the thickness of the unpolished thermal SiO 2 .
Instead, we recall from the assumptions that when B =0 in Eq. ͑1͒ for a trilayer structure, t f Ј= t f is implied, such that
and we infer from The stress calculated by inserting the measured values of bow from the surface profiler directly into Eq. ͑7͒ is shown as a function of film thickness for the HARE SiO 2 and thermal SiO 2 trilayers in Fig. 6 as open and black triangles, respectively. In both materials, a constant stress is indicated for film thicknesses greater than 1 µm and up to at least 5 µm in thickness, which is consistent with expectations from the bilayer studies that the HARE SiO 2 film is in its bulk state, and consistent with reported findings for thermal SiO 2 films for the same film thickness and oxidation temperature range. 19 We note that both the HARE SiO 2 and thermal SiO 2 have a positive ͑compressive͒ stress on Si, which is also consistent with expectations.
A constant stress with varying film thickness is a good indication of uniformity in the material properties, film stoichiometry, and film structure during the film growth process. It is also an encouraging result that the same trend observed for SiO 2 produced by a commercial oxidation process is observed for one deposited by HARE after 1 µm, and up to at least 5 µm, in thickness. This constant value of stress was obtained by taking the mean of all stress values calculated using Eq. ͑7͒, with confidence limits given by the standard deviation, and found to be cts = ͑0.25± 0.01͒ GPa for HARE SiO 2 and cts = ͑0.29± 0.02͒ GPa for thermal SiO 2 .
An experimentally derived result for SiO 2 trilayer stress
As a direct consequence of the linear relationship between the bowing and film thickness, we obtain an experimentally derived result for stress in the SiO 2 trilayer by combining the result of Eq. ͑8͒ with Eq. ͑1͒, and substituting into Eq. ͑7͒, to give
is a significant result in that, for a filmsubstrate-film trilayer structure with sufficiently similar film properties, it predicts a constant value of stress if the behavior of curvature with film thickness satisfies a linear relationship. We note that this result predicting a constant stress is different from that in the bilayer, however, the result is consistent because we have made the assumption for a structure with sufficiently similar film properties, which assumes the HARE SiO 2 must be in its bulk state to be comparable to the thermal SiO 2 layer, i.e., greater than 1 µm. Values for m, which is a constant of the linear fit described by Eq. ͑1͒ and the slope of the dashed ͑HARE SiO 2 ͒ and dotted ͑thermal SiO 2 ͒ lines in Fig. 5 , are given in Table I for the two materials studied. We calculate the stress from Eq. ͑9͒ to be stoney = 0.25 GPa for HARE SiO 2 ͑shown as a dashed line in Fig. 6͒ and stoney = 0.29 GPa for thermal SiO 2 ͑shown as a dotted line in Fig. 6͒ , which agree with the respective mean values given by cts earlier. We note that in both cases, the stress in HARE SiO 2 is found to be less than the stress found in thermal SiO 2 . The stress value for HARE SiO 2 in the HARE SiO 2 trilayer is consistent with the results obtained in the HARE SiO 2 bilayer, indicating a stable process and good reproducibility with the HARE deposition system. The stress value for the thermal SiO 2 compares well with previously reported values 19, 21, 28, 29 for total film stress, particularly after accounting for differences in oxidation temperature, orientation of the Si substrate and oxidation pressure, all factors which can influence the measured value of oxide stress. 30 These results substantiate the experimental method and Eq. ͑7͒ for application to this type of trilayer structure. Confirmation of the trilayer experimental method is one step closer to extending the model to one which might represent the buffer-core-cladding waveguide structure.
Finally, we obtain a thermal SiO 2 reference to the bilayer structure by completely etching the polished thermal SiO 2 from one of the cleaved pieces of APOX wafer and measuring the curvature across the exposed Si surface. This fully etched piece corresponds to an inverted thermal SiO 2 -Si bilayer, with its film stress described by Eq. ͑2͒, so the calculation serves as a final check for the trilayer study method. A bow B of −2.48 m was measured across the Si and the inferred thickness of unpolished thermal SiO 2 is given by Eq. ͑8͒. We obtain, for the thermal SiO 2 bilayer reference, a film stress of ͑cts͒ = ͑0.30± 0.01͒ GPa. The error is given by the standard deviation of the curvature measurements. This value agrees with the value obtained for the same wafer in the trilayer study, within the given confidence limits.
IV. CONCLUSIONS
The initial and later stages of stress formation for thick SiO 2 films deposited by HARE has been investigated and shown to possess characteristics of Volmer-Weber film growth. A model for stress as a function of film thickness in the HARE SiO 2 -Si film-substrate bilayer was formulated and interpreted in light of the same film growth mechanism. We find that the film reaches its bulk state, i.e., exhibits a constant stress, for deposition thickness greater than approximately 1 µm. HARE SiO 2 film was also investigated in the context of a trilayer structure which more closely resembled that of waveguides fabricated in the laboratory, and compared to a similar trilayer structure for thermal SiO 2 , which itself forms the substrate and buffer layers to the same waveguides. A modified Stoney's equation is proposed for trilayer film-substrate-film structures whose films have sufficiently similar properties. These results should be useful in extending the understanding of stress present in films deposited by similar helicon plasma source reactors, as well as in future work involving the modeling of stress in the more complex substrate-buffer-core-cladding waveguide structure.
